The influences of long-term static interaction between flotation reagents and minerals on mineral surface properties and their flotation behaviors were investigated in this work. Single mineral results showed that when the static interaction time between flotation reagents and minerals increased from 0 to 8 days, there were no significant differences in the recovery of fluorite (ranging from 77.50% to 74.50%), while the recovery of calcite dramatically decreased from 97.17% to 41.13%. The collector adsorption results indicated that after the long-term static interaction between the collector and minerals, adsorption and desorption of collector on the minerals occurred, and the adsorption amount of collector on fluorite and calcite varied from 0.396 mg/g to 0.421 mg/g, and from 0.444 mg/g to 0.404 mg/g, respectively. The contact angles of fluorite and calcite decreased from 134.3 • and 105.0 • for 0 days to 109.7 • and 52.5 • for 8 days, respectively, which demonstrated that the fluorite had a higher hydrophobicity than that of calcite after 8 days of static interaction between the minerals and collector. The Fourier transform infrared spectroscopy (FTIR) analysis showed that there were chemisorptions between the collector and the surfaces of the fluorite and calcite. Meanwhile, the X-ray photoelectron spectroscopy (XPS) results further elucidated that the amount of C=O from the oleic acid (OA) molecule for calcite treated for 8 days was less than for that treated for 0 days. In addition, the flotation results of the tailings from Jiangxi containing fluorite and calcite, indicated that the grade and recovery of fluorite increased from 87.18% and 40.99% for 0 days to 93.00% and 46.01% for 8 days, respectively, indicating that the separation of fluorite from calcite could be achieved via increasing the long-term static interaction between the flotation reagents and minerals. due to the similar surface physicochemical properties between fluorite and calcite, such as the solubility and the Ca 2+ active sites [6, 8, 9] . Therefore, the development of novel flotation methods is urgently needed to solve the effective separation of these two minerals.
Introduction
Fluorite (CaF 2 ), the most important fluorine-containing mineral and the major source of fluorine in the industry, has been considered to be a valuable strategic resource [1, 2] . It has been widely used in the manufacture of glass, steelmaking, the production of hydrofluoric acid, pottery, enamel, drugs and catalyst [3] [4] [5] .
Fluorite is generally associated with calcite (CaCO 3 ) in deposit, and 30% of fluorite and 10-20% or less of calcite are usually contained in the fluorite-rich ore [6] . To meet the market's demand, before entering the fluorite commercial market, the grade of most fluorite minerals has to be improved by flotation, which is a method of utilizing the physicochemical properties of mineral surfaces [7] . However, the effective separation of fluorite from calcite has always been a worldwide difficult problem 
Micro-Flotation Tests of Single Mineral
Micro-flotation tests of a single mineral were carried out on a micro flotation machine (XFGC, Jilin Exploration Machinery Plant, Changchun, China) with a 40-mL hitch groove flotation cell at a speed of 1992 rpm. The flotation pulp of the single mineral was prepared by adding 2 g of the single mineral sample to 35 mL deionized water, before stirring for 2 min. After adjusting the pH value by HCl or Na2CO3 (stirring time of 3 min), the depressant of the water glass and collector of the mixture of OA and kerosene with a volume ratio of 1:1 were added into the flotation cell. Additionally, the corresponding stirring times were 2 min and 5 min, respectively. Subsequently, the flotation of the single mineral was performed for 6 min, and the obtained concentrate and tailings were filtered, dried and weighted to calculate the recovery rate, respectively. What requires special attention is that the above experiments results were marked as 0 days, i.e., 18 min, of static interaction, which referred to a state without agitation under natural conditions. Targeting the flotation of the mixture under different static interaction times, the mixture that included the minerals and flotation reagents was brought to flotation after having preset the long-term static interaction time. The flotation time was also 6 min, and the preset static interaction time varied from 2 to 8 days. In this work, all tests were carried out at pH 10, and the concentration of the depressant and collector was 1200 g/t.
Collector Adsorption Measurements
The single mineral samples (2 g) were placed in a 50 mL conical flask with 35 mL deionized water. After adjusting the pH value to 10, the mixture was stirred via the flotation machine, and the addition reagents and order were the same as for the flotation tests. Subsequently, the supernatant samples were obtained by centrifugation for 10 min at 10,000 rpm, when the long-term static time was 0 or 8 days. Given that the collector used in this study was the mixture of OA and kerosene, the concentration of the collector in the supernatant was replaced by the mass of total organic carbon (TOC), which was measured by a total organic carbon analyzer (TOC-L, Shimadzu, Japan).
The adsorption capacities of the minerals under different static interaction times were calculated according to the following formula (1) [14] : 
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where Γ represents the adsorption capacities of minerals to collector (mg/g), C 0 is the initial concentration of the collector in solution before adding the minerals (mg/L), C t is the collector concentration of the supernatant after a long-term static interaction time (mg/L), V is the mixture volume (L) and m is the mass of mineral samples (g).
Zeta Potential Measurements
The zeta potentials of the fluorite and calcite samples treated with the same reagents for 0 and 8 days were measured at room temperature using a zeta potential analyzer (Malvern Zetasizer Nano ZS, Malvern Instruments Ltd. Shanghai, China). 20 mg samples were put into a 100 mL beaker with 40 mL KCl solution (0.01 mol/L) used as a background electrolyte. Following this, the solution was stirred by a magnetic stirrer for 10 min, and the pH values of the suspension were adjusted to the desired value. After the agitated slurry was left standing for 5 min, the supernatant was used to conduct zeta potential measurements and was measured three successive times.
Contact Angle Measurements
The contact angles of the single mineral samples were tested as follows. The samples were filled into a die with a 35 mm diameter and then compressed by a compressing kit for 3 min under a pressure of 20 MPa. Subsequently, the disc was slowly and carefully removed from the die [12, 23, 24] . A liquid droplet was slowly dropped onto the disc, and the contact angles were measured through a video contact angle measuring instrument (JY-82C, Chengde Dingsheng Tester Co., Ltd., Chengde, China).
FTIR and XPS Analyses
The FTIR of the single mineral samples obtained under the different static interaction times of 0 and 8 days were conducted via a Fourier transform infrared spectrometer (Shimadzu, Japan). The samples treated by flotation reagents were mixed and agitated with dried KBr at a mass ratio of 1:100. Following this, the flaky mixture containing the mineral sample was tested in the range of 4000-400 cm −1 .
The XPS spectra of the calcite samples were obtained by using a K-Alpha spectrometer (ESCALAB250Xi, Thermo Fisher-VG Scientific, Waltham, MA, USA) with Al Kα radiation (15 kV and 6 mA) and a pressure of 5 × 10 −10 Pa in the analytical chamber [25] . All binding energies were corrected with reference to the standard C1s peak at 284.8 eV. The obtained spectra were fitted and analyzed with the XPS Peak 4.1 software.
Flotation Tests of Tailings
The tailings were obtained from the tin tailings of the Jianfengpo tin-zinc mine in Jiujiang, Jiangxi province, China. Additionally, the main composition of the tailings was presented in Table 1 . A feed ore contained 8.55% fluorite and 4.38% calcite, and the other main components included quartz (>60%), feldspar (around 20%) and a small amount of skarn minerals. The flotation process used in this work was a one-stage rougher and six-stage cleaner flotation ( Figure 2 ). Furthermore, the grinding fineness (−74 µm) of the rougher and cleaner flotation was 85% and 95%, respectively. The flotation was conducted at pH 10, with a water glass of 1200 g/t and a mixture of OA and kerosene of 1200 g/t.
The flotation tests of the tailings were conducted on a laboratory flotation machine of XFD (Jinlin Exploration Machinery Plant, Changchun, China) at a speed of 1992 rpm. The flotation pulp of the tailings was obtained by adding 500 g samples and 1.0 L water, followed by stirring for 2 min. Subsequently, the pH adjuster, depressant and collector were added in order. Additionally, the corresponding stirring time was 3 min, 2 min and 5 min, respectively. Finally, the rough concentrate obtained was laid down for 0 and 8 days and further separated by a six-stage cleaner flotation. The final concentrates and tailings were filtered, dried and weighted, respectively. Furthermore, the fluorite and calcite grade of the concentrates and tailings were analyzed to calculate the recovery rate, respectively. concentrate obtained was laid down for 0 and 8 days and further separated by a six-stage cleaner flotation. The final concentrates and tailings were filtered, dried and weighted, respectively. Furthermore, the fluorite and calcite grade of the concentrates and tailings were analyzed to calculate the recovery rate, respectively.
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Results and Discussion

The Flotation Separation of Fluorite Form Calcite Improved by the Long-Term Static Interaction
As shown in Figure 3 , the total recoveries of fluorite and calcite were 77.50% and 97.17%, respectively, if there was no static interaction. After 2 days of static interaction, the total recovery of fluorite decreased to 55.33%. When the static interaction time was extended to 8 days, the total recovery of fluorite gradually increased to 74.5%. However, the relations between the total recovery of calcite and static interaction time were completely different from those of the fluorite. It could be seen that the calcite recoveries remained basically stable during 6 days of static interaction and then dramatically decreased to 41.33% after 8 days of static interaction. Previous studies [21, 26] reported that the dissolution process of calcite in water at different pH ranges could continue for several weeks before reaching equilibrium. However, oleic acid or soluble oleate added in a flotation system would react with calcium ion on the calcite surface to rapidly form calcium oleate, which could then coat the surface of calcite and thereby prevent the further dissolution of calcite. In other words, the decrease in the recovery of calcite that was treated for 8 days should not be mainly caused by the dissolution of calcite. Therefore, the selective flotation separation of fluorite from calcite could be achieved if the flotation reagents interacted with minerals for 8 days. This is an interesting and 
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As shown in Figure 3 , the total recoveries of fluorite and calcite were 77.50% and 97.17%, respectively, if there was no static interaction. After 2 days of static interaction, the total recovery of fluorite decreased to 55.33%. When the static interaction time was extended to 8 days, the total recovery of fluorite gradually increased to 74.5%. However, the relations between the total recovery of calcite and static interaction time were completely different from those of the fluorite. It could be seen that the calcite recoveries remained basically stable during 6 days of static interaction and then dramatically decreased to 41.33% after 8 days of static interaction. Previous studies [21, 26] reported that the dissolution process of calcite in water at different pH ranges could continue for several weeks before reaching equilibrium. However, oleic acid or soluble oleate added in a flotation system would react with calcium ion on the calcite surface to rapidly form calcium oleate, which could then coat the surface of calcite and thereby prevent the further dissolution of calcite. In other words, the decrease in the recovery of calcite that was treated for 8 days should not be mainly caused by the dissolution of calcite. Therefore, the selective flotation separation of fluorite from calcite could be achieved if the flotation reagents interacted with minerals for 8 days. This is an interesting and valuable phenomenon Minerals 2019, 9, 699 6 of 16 which was not reported by the previous literature. Therefore, to understand this reason for the change in the total recovery of fluorite and calcite treated for 0 and 8 days, collector adsorption measurements were carried out.
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Effect of Static Interaction Time on the Amount of Collector Adsorbed on Fluorite
The flotation recovery of the single mineral was closely related to the amount of adsorbed collector on the mineral's surface. Consequently, the amount of collector adsorption on the fluorite and calcite surfaces was measured under 0 or 8 days of static interaction. The results are presented in Table 2 . It can be seen that the adsorption capacities of the collector on the fluorite and calcite were 0.396 mg/g and 0.444 mg/g under 0 days of static interaction, respectively. This result suggested that the collector had a stronger affinity to calcite than to fluorite at the initial time, which resulted in the flotation recovery of calcite being higher than that of fluorite. However, the adsorption capacity of fluorite increased to 0.421 mg/g and that of calcite decreased to 0.404 mg/g, when the static interaction time increased to 8 days. This result indicated that adsorption and desorption of the collector on the fluorite and calcite surfaces occurred, respectively, after the long-term static interaction between the flotation reagents and minerals. Therefore, the flotation recovery of fluorite treated with reagents for 8 days should be higher than that of calcite, which was consistent with the previous flotation tests results. Thus, it could be concluded that the selective flotation separation of fluorite from calcite mainly depended on the variation of the amount of collector adsorbed on the mineral surfaces. To further elucidate the adsorption mechanisms of the flotation reagents on the mineral surface, the zeta potentials and contact angles of the flotation and calcite were measured. 
The Separation of Fluorite and Calcite Facilitated by the Adsorbed Water Glass on Calcite
The interaction between the flotation reagents and mineral surface could change the surface properties of the minerals, such as the surface electricity and hydrophilicity, thereby influencing the flotation behaviors of the minerals. The surface chargeability of mineral samples plays a significant role in minerals' flotation recovery. In this study, zeta potential measurements of fluorite and calcite 
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The Separation of Fluorite and Calcite Facilitated by the Adsorbed Water Glass on Calcite
The interaction between the flotation reagents and mineral surface could change the surface properties of the minerals, such as the surface electricity and hydrophilicity, thereby influencing the Minerals 2019, 9, 699 7 of 16 flotation behaviors of the minerals. The surface chargeability of mineral samples plays a significant role in minerals' flotation recovery. In this study, zeta potential measurements of fluorite and calcite samples treated with reagents for 0 and 8 days were carried out, and the results are shown in Figure 4 . It can be seen that the isoelectric points (IEP) of the raw fluorite and calcite samples were about 9.5 and 10.5, respectively. The obtained values were also similar to those of the previous study [27, 28] . After being treated with flotation reagents for 0 and 8 days, the IEP of the fluorite shifted to about 4.5 and 4, respectively. Furthermore, the corresponding zeta potentials of the fluorite treated with reagents in the wide pH ranges were significantly lower than those of the raw fluorite, which was attributed to the adsorption of the flotation reagents, in particular the collector oleic acid. In addition, compared to the fluorite without a long-term static interaction, the samples treated with flotation reagents for 8 days of static interaction exhibited a lower zeta potential. The zeta potentials of the calcite samples showed similar trends with fluorite in the pH ranges of 7-11. For raw fluorite and samples treated with flotation reagents for 0 and 8 days, the zeta potentials were −9.44 mV, −15.02 mV and −27.23 mV under a solution pH value of 10, respectively. This could be explained by the larger collector adsorption capacities of samples treated with reagents for 8 days. However, for calcite, the corresponding zeta potentials were 1.12 mV, −1.10 mV and −13.33 mV, respectively, which contradicted the results of the collector adsorption capacities. Therefore, the zeta potentials' variations for calcite may be attributed to other reasons. It was worth noting that the adsorption capacities could be determined according to the variation of the TOC content in the reagents' adsorption capacities. Additionally, the water glass as a depressant was ignored. Nonetheless, the water glass could also be adsorbed on the minerals' surfaces. It has been reported that water glass had a stronger affinity to calcite than to fluorite [29, 30] . Therefore, it could be speculated that the reduction of the zeta potential of calcite after a long-term static interaction could also be attributed to the adsorbed water glass, which facilitated the separation of fluorite from calcite, and which also agreed with the above results of the flotation tests. samples treated with reagents for 0 and 8 days were carried out, and the results are shown in Figure  4 . It can be seen that the isoelectric points (IEP) of the raw fluorite and calcite samples were about 9.5 and 10.5, respectively. The obtained values were also similar to those of the previous study [27, 28] . After being treated with flotation reagents for 0 and 8 days, the IEP of the fluorite shifted to about 4.5 and 4, respectively. Furthermore, the corresponding zeta potentials of the fluorite treated with reagents in the wide pH ranges were significantly lower than those of the raw fluorite, which was attributed to the adsorption of the flotation reagents, in particular the collector oleic acid. In addition, compared to the fluorite without a long-term static interaction, the samples treated with flotation reagents for 8 days of static interaction exhibited a lower zeta potential. The zeta potentials of the calcite samples showed similar trends with fluorite in the pH ranges of 7-11. For raw fluorite and samples treated with flotation reagents for 0 and 8 days, the zeta potentials were −9.44 mV, −15.02 mV and −27.23 mV under a solution pH value of 10, respectively. This could be explained by the larger collector adsorption capacities of samples treated with reagents for 8 days. However, for calcite, the corresponding zeta potentials were 1.12 mV, −1.10 mV and −13.33 mV, respectively, which contradicted the results of the collector adsorption capacities. Therefore, the zeta potentials' variations for calcite may be attributed to other reasons. It was worth noting that the adsorption capacities could be determined according to the variation of the TOC content in the reagents' adsorption capacities. Additionally, the water glass as a depressant was ignored. Nonetheless, the water glass could also be adsorbed on the minerals' surfaces. It has been reported that water glass had a stronger affinity to calcite than to fluorite [29, 30] . Therefore, it could be speculated that the reduction of the zeta potential of calcite after a long-term static interaction could also be attributed to the adsorbed water glass, which facilitated the separation of fluorite from calcite, and which also agreed with the above results of the flotation tests. 
The Hydrophilicity of Calcite Surface Enhanced after 8 Days of Static Interaction
To further reveal the differences of the flotation behaviors of minerals treated with reagents for 0 and 8 days, the contact angles of the samples were measured, and the corresponding surface hydrophilicity or hydrophobicity was analyzed. The results are presented in Table 3 . The measured contact angles of raw fluorite and calcite were 44.3° and 45.9°, respectively, indicating that the surfaces of both raw fluorite and calcite were hydrophilic.
After interaction with flotation reagents for 0 days, the contact angles of fluorite and calcite increased to 134.3° and 105.0°, respectively, suggesting that the minerals' surfaces were hydrophobic. The calcite had smaller contact angles, which was possibly due to the water glass adsorbed on the surface. In addition, after the minerals have been statically incubated with flotation reagents for 8 days, the contact angles of the fluorite and calcite decreased to 109.7°and 52.5°, respectively. These results indicated that the surface properties of fluorite and calcite changed to different degrees. According to the above contact angle measurements, the surface of the fluorite was still hydrophobic. In contrast to this, the calcite surface showed a high hydrophilicity. These 
To further reveal the differences of the flotation behaviors of minerals treated with reagents for 0 and 8 days, the contact angles of the samples were measured, and the corresponding surface hydrophilicity or hydrophobicity was analyzed. The results are presented in Table 3 . The measured contact angles of raw fluorite and calcite were 44.3 • and 45.9 • , respectively, indicating that the surfaces of both raw fluorite and calcite were hydrophilic. After interaction with flotation reagents for 0 days, the contact angles of fluorite and calcite increased to 134.3 • and 105.0 • , respectively, suggesting that the minerals' surfaces were hydrophobic. The calcite had smaller contact angles, which was possibly due to the water glass adsorbed on the surface. In addition, after the minerals have been statically incubated with flotation reagents for 8 days, the contact angles of the fluorite and calcite decreased to 109.7 • and 52.5 • , respectively. These results indicated that the surface properties of fluorite and calcite changed to different degrees. According to the above contact angle measurements, the surface of the fluorite was still hydrophobic. In contrast to this, the calcite surface showed a high hydrophilicity. These different variations of the two kinds of minerals could be explained by two aspects. On the one hand, the adsorption capacities of collector on calcite were lower than those of fluorite, which significantly decreased the hydrophobicity of calcite. On the other hand, water glass was easily adsorbed on the calcite surface, which on the contrary significantly enhanced the surface hydrophilicity of calcite. Therefore, the differences of the surface properties between fluorite and calcite contributed mainly to the selective separation of fluorite from calcite. Furthermore, in order to further demonstrate the adsorption mode between the flotation reagents and mineral surfaces and reveal the adsorption mechanism of the flotation reagents on the mineral surfaces, FTIR and XPS analyses of minerals treated for 0 and 8 days were carried out.
Roles of Si-O and -OH of Water Glass and C=O of OA in the Separation between Fluorite and Calcite
In order to further demonstrate the adsorption behaviors of the collector on the fluorite and calcite surfaces, the FTIR spectra of reagents and minerals treated with reagents for 0 and 8 days at pH 10 were analyzed ( Figure 5 ). The results in Figure 5a indicated that for kerosene the peaks at 2923.76 cm −1 and 2857.54 cm −1 were assigned to the stretching vibration bonds of C-H in the -CH 2 and -CH 3 functional groups of the alkyl chain, respectively. The peaks at 1459.01 cm −1 and 1376.10 cm −1 were attributed to the symmetric deformation stretching vibration of -CH 3 . Additionally, the peaks at 670.46 cm −1 and 438.23 cm −1 were the results of the bending vibration of C-H [31, 32] . For OA, the peaks at 2926.56 cm −1 and 2855.32 cm −1 were determined to be the symmetric -CH 2 and the asymmetric -CH 2 stretching vibration, respectively. The intense stretching vibration absorption peak of the C=O group was determined near 1710 cm −1 . The bond at 1286.24 cm −1 was derived from the existence of the C-O stretch, and the bonds at 1459.91 cm −1 and 938.40 cm −1 exhibited the presence of the O-H in-plane and out-of-plane, respectively [33] [34] [35] . Furthermore, for water glass, a broad absorption peak at 3454.19 cm −1 and a small absorption peak at 1641.02 cm −1 could be due to the stretching vibration and bending vibration of the -OH groups. The asymmetrical stretching vibration and symmetrical stretching vibration of the Si-O bonds appeared at 1142.99 cm −1 and 887.85 cm −1 , respectively [36, 37] .
In the spectrum of bare calcite (Figure 5b) , the adsorption bond at 1442.73 cm −1 was due to the stretching vibration of CO 3 2− , and the absorption bonds at 876.85 cm −1 and 712.70 cm −1 were the results of the deformation vibration of CO 3 2− [38] . After a treatment with reagents for 0 days, new adsorption bonds emerged at 2982.62 cm −1 , 1798.53 cm −1 , 1426.93 cm −1 and 2349.68 cm −1 . The first three bonds indicated the adsorption of OA on the calcite surface, and the shift of the stretching vibration peak of carboxyl of OA from 1710.53 cm −1 to 1798.53 cm −1 demonstrated that the interaction between OA and the calcite surface was essentially chemisorption. The adsorption bond appeared at 2349.68 cm −1 , which confirmed that kerosene was adsorbed on the calcite surface. After the treatment with reagents for 8 days, the results were similar to those of calcite treated with reagents for 0 days. However, a shift of the adsorption peaks from 1703.19 cm −1 to 1698.20 cm −1 could be observed, indicating that water glass was adsorbed onto calcite. Moreover, the difference of calcite treated for 8 days was not significant at 2983.47 cm −1 as compared to raw calcite, indicating that OA desorption occurred on the calcite surface after the calcite was treated with reagents for 8 days.
Minerals 2019, 9, x FOR PEER REVIEW 9 of 16 water glass on fluorite. Furthermore, the weak adsorption peak near 1630 cm −1 was the result of a C=O stretching vibration, indicating that a small amount of OA on the fluorite surface underwent chemisorption. Fluorite treated with reagents for 8 days showed negligible differences as compared to those of fluorite treated for 0 days. The intense peaks which emerged at 1549.27 cm −1 and 1597.92 cm −1 demonstrated a strong interaction between OA and the fluorite surface, and the adsorption peak of water glass on fluorite treated for 8 days was weaker at 1093.78 cm −1 than that of fluorite treated for 0 days, indicating that the adsorption capacity of water glass on the fluorite surface decreased. 
Effect of Static Interaction Time on the Amount of OA in Collector Adsorbed on Calcite
To further elucidate the adsorption mechanism of flotation reagents on the calcite surface, the XPS was then conducted. As expected, C, Ca and O were the major constituents, and no adventitious contaminants or impurities were detected ( Figure 6 ). The C1s spectra of calcite ore and calcite treated with reagents for 0 and 8 days were summarized in Figure 7 . It can be seen that the C1s spectrum of the original calcite has two peaks at 284.91 and 289.45 eV. After the reagents' treatment for 0 days, the C1s spectrum could be well deconvoluted, with three components. The major peak at 284.79 eV was considered as the reference C1s, and other two peaks at 286.10 and 289.54 eV were assigned to C-O and C=O in OA molecules. The C1s spectrum of calcite treated with reagents for 8 days could also be fitted with three components and resulted in similar conclusions at the 286.09 and 289.52 eV peaks, providing further evidence of the chemical adsorption interaction of the collector on the calcite surface. Furthermore, as compared with calcite for 0 days, the areas of the C-O and C=O functional groups of calcite for 8 days decreased by 0.34% (from 5.00% to 4.66%) and 1.93% (from 42.52% to 40.59%), respectively. The results demonstrated that the adsorption quantities of collector on calcite for 8 days declined more than those of calcite for 0 days, which was consistent with the results of the flotation tests. Figure 8 displays the Ca2p spectra of calcite ore and calcite treated with flotation reagents for 0 and 8 days. It had been documented that the Ca2p spectrum of calcite ore could be well fitted with two peaks, with binding energies of 346.95 eV for the Ca3/2 level and 350.51 eV for the Ca1/2 level. The calcium ion peaks of calcite conditioned with collector for 0 or 8 days shifted to higher binding energies at 347.12 eV and 350.68 eV, indicating that the electron density around the calcium ion changed. Meanwhile, the carboxyl groups (COO-) of the OA molecules were conjugated with the calcium ions exposed on the calcite surface [40] . Therefore, the conclusions provided further evidence for the chemical interaction between the OA molecules and calcite during the adsorption process.
As shown in Figure 9 , it is easy to notice that the O1s spectrum of raw calcite has only one peak at 531.35 eV, corresponding to negative oxygen ions in carbonate. This result is similar to the previous report [9] . After flotation reagent treatments for 0 or 8 days, the O1s spectrum of calcite exhibited a new peak at 532.04 eV or 531.96 eV, which suggested that the flotation reagents were Figure 5c shows the FTIR spectra of fluorite treated with reagents for 0 and 8 days. For the sample treated with reagents for 0 days, new adsorption bonds emerged at 2930.19 cm −1 and 2975.92 cm −1 , which were assigned to -CH 3 and -CH 2 stretching vibrations [39] . The bonds which appeared at 2299.99 cm −1 , 2355.64 cm −1 , 676.91 cm −1 and 651.62 cm −1 suggested that kerosene was absorbed on the fluorite surface. The bonds at 1090.51 cm −1 and 1051.50 cm −1 were derived from the adsorption of water glass on fluorite. Furthermore, the weak adsorption peak near 1630 cm −1 was the result of a C=O stretching vibration, indicating that a small amount of OA on the fluorite surface underwent chemisorption. Fluorite treated with reagents for 8 days showed negligible differences as compared to those of fluorite treated for 0 days. The intense peaks which emerged at 1549.27 cm −1 and 1597.92 cm −1 demonstrated a strong interaction between OA and the fluorite surface, and the adsorption peak of water glass on fluorite treated for 8 days was weaker at 1093.78 cm −1 than that of fluorite treated for 0 days, indicating that the adsorption capacity of water glass on the fluorite surface decreased.
To further elucidate the adsorption mechanism of flotation reagents on the calcite surface, the XPS was then conducted. As expected, C, Ca and O were the major constituents, and no adventitious contaminants or impurities were detected ( Figure 6 ). The C1s spectra of calcite ore and calcite treated with reagents for 0 and 8 days were summarized in Figure 7 . It can be seen that the C1s spectrum of the original calcite has two peaks at 284.91 and 289.45 eV. After the reagents' treatment for 0 days, the C1s spectrum could be well deconvoluted, with three components. The major peak at 284.79 eV was considered as the reference C1s, and other two peaks at 286.10 and 289.54 eV were assigned to C-O and C=O in OA molecules. The C1s spectrum of calcite treated with reagents for 8 days could also be fitted with three components and resulted in similar conclusions at the 286.09 and 289.52 eV peaks, providing further evidence of the chemical adsorption interaction of the collector on the calcite surface. Furthermore, as compared with calcite for 0 days, the areas of the C-O and C=O functional groups of calcite for 8 days decreased by 0.34% (from 5.00% to 4.66%) and 1.93% (from 42.52% to 40.59%), respectively. The results demonstrated that the adsorption quantities of collector on calcite for 8 days declined more than those of calcite for 0 days, which was consistent with the results of the flotation tests.
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Effect of Long-Term Interaction on the Flotation Separation between Fluorite and Calcite in Tailings
To verify the applicability of the above results, batch flotation tests of tailings from Jiangxi were then conducted. The flotation results are summarized in Table 4 and Figure 10 . The results indicated that the grade and recovery rate of fluorite increased dramatically from 87.18% and 40.99% to 93.00% and 46.01%, respectively, when the static interaction between the flotation reagents and tailings was extended from 0 days to 8 days. These results were in accordance with the single mineral tests, indicating that increasing the static interaction time between the flotation reagents As shown in Figure 9 , it is easy to notice that the O1s spectrum of raw calcite has only one peak at 531.35 eV, corresponding to negative oxygen ions in carbonate. This result is similar to the previous report [9] . After flotation reagent treatments for 0 or 8 days, the O1s spectrum of calcite exhibited a new peak at 532.04 eV or 531.96 eV, which suggested that the flotation reagents were chemisorbed on the calcite surface [38] . Moreover, the peak area of the O1s spectrum of calcite treated for 8 days at the binding energy of 531.96 eV decreased by 0.32% (from 31.74% to 31.42%), providing further evidence for the reduction of the recovery rate of calcite treated for 8 days as compared to that of calcite treated for 0 days. 
To verify the applicability of the above results, batch flotation tests of tailings from Jiangxi were then conducted. The flotation results are summarized in Table 4 and Figure 10 . The results indicated that the grade and recovery rate of fluorite increased dramatically from 87.18% and 40.99% to 93.00% and 46.01%, respectively, when the static interaction between the flotation reagents and tailings was extended from 0 days to 8 days. These results were in accordance with the single mineral tests, indicating that increasing the static interaction time between the flotation reagents and minerals was beneficial to the selective separation of fluorite from calcite. 
Conclusions
Previous studies have shown that the interaction between flotation reagents and mineral surfaces could achieve equilibrium within minutes or tens of minutes, but a long-term static interaction has not been reported. The results in this work indicated that a long-term static interaction was beneficial for the effective separation of fluorite from calcite by flotation. When the static interaction between flotation reagents and minerals was extended to 8 days, the adsorption capacity of the collector on the fluorite surface was higher than that of calcite. After 8 days of static interaction, the adsorption of the flotation reagents on the mineral surfaces could change the surface properties of fluorite and calcite, such as the hydrophobicity and floatability, making the fluorite more hydrophobic and calcite more hydrophilic. FTIR and XPS analyses further demonstrated that the chemical adsorption of the collector occurred on the two kinds of mineral surfaces. Furthermore, the amount of carboxyl groups from OA molecules adsorbed on calcite treated for 8 days was less than that for calcite treated for 0 days. In addition, the flotation results of tailings from Jiangxi verified that the long-term static interaction between the flotation reagents and minerals could change the flotation behaviors of mineral surfaces and promote the separation between fluorite and calcite in tailings, increasing the grade and recovery of fluorite. It can be concluded from this study that the static interaction time between flotation reagents and minerals plays an important role in the flotation process, which also provides significant theoretical clues for environment-friendly ways to stack flotation tailings. 
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